STEFFEN ROBERTSON AND KIRSTEN
Consulting Engineers '

August 22, 1986
Project No. 05204

Hazen Research
4601 Indiana Street
Golden, Colorado 80401

"Attention: Mr. Don Curtis

RE:  KELMINE LISBON VALLEY COPPER PROJECT

_Dear Don,"

Please find attached a brief specification and a quality assurance b]an

“for the clay liner placement at the Lisbon Valley Copper Project. We trust
_these are as you Trequired and will expidite project permitting and
© construction. ‘ .

The permeability testing currently underway on potential liner material
still reflects permeabilities on the order of 10-7 cm/sec. We do not
anticipate that any significant change in this value will occur. We indicated
previously that the material had a swell potent1a1 upon saturation under low
confining stress. It should be remembered that in the location planned for use
of the clay, confining stresses will be adequate to prevent swell. The net
effect of the physical change under a confining stress will be a tendency to
reduce the void ratio and lower the permeab111ty in comparison to the values

. equivalent to our laboratory test.

Shou]d you have any duestion in regards to the documents, please contact
US. - ‘

Yours truly,

STEFFEN ROBERTSON AND KIRSTEN
(COLORADO) INC.
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Rob Dorey
- Divisional Head
Mining Geotechnics
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Attachment

3282 South Vance Street, Suite 210, L.akewood, Colorado 80227, U.S.A.
Tel. (303) 985-1333 Telex 383599 SRK USA Facsimile (303) 985-9947

Other offices in: U.S.A,, Canada, United Kingdom and Africa
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The fo]]owing specifications have been pfepared by Steffen Robertson and

'Kirsten based on design information provided by Hazen Research, Inc.
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1.0,

2.0

INTRODUCTION

These spec1f1cat1ons shall be -used 1n congunct1on w1th drawings
prepared by Hazen Research Inc. In "these Spec1f1cat1ons, the Engineer
shall be the designated representat1ve ‘of the. Owner and is professional
engineer experienced in the construction of the type of work specified.

Should any contradictions, either implied or real, exfst between
the Specifications and the draw1ngs, the Specifications shall take
precedence In all cases, the dec1s1on of the Engineer is f1na1

1
H

SITE PREPARATION

Site 'preparation will cons1st of stripping and grubbing, and'
preparing foundations of the various areas for their designated purpose.
In general, -these areas will include leach pads, solution trenches,

. process ponds, process areas, borrow areas, and access roads.

2.1 Stripping and Grubbfng

The Contractor -shall strip from foundation areas all
vegetation, including roots in excess of 1 inch in diameter.
-Stripped'and grubbed vegetation shall be disposed of by controlled
burning in an area des1gnated by the Eng1neer The Contractor shall -
then strip topso1] to an average depth of 4 inches. All topsoil
shall be stockpiled in the areas designated in the drawings or as
instructed by the Engineer. 'Shaping of the stockpile shall be such B
as to minimize erosion and‘brevent ponding of precipitation in the

§t6ckpi1e'area.

Other perishable and objectional materials that are un;uitab]e
for- use in permanent construction and which.might interfere with
proper bonding of fill materials with the foundations, or proper
compaction of fill materials, or which are otherwise unsuitable as
determined by the Engineer, shall be removed and wasted in an area
designated by the Engineer.

-1-



2.2

Borrow Areas

To the extent practical, fine grained eérth materials required
for .the work‘ defined by these Specifications shall be obtained
primarily from designated borrow areas. Material not available from
said borrow ‘areas .shall be furnished by the Contractor from a-
source proposed by the Contractor and approved by the Engineer. '

The Contractor may select and use any Engineer-approved borrow
areas for~construction'matéria]s, provided the materials meet the
specificétion requirements for the intended use. The Contractor .
shall stkip and grub,the borrow areas of topsoil and other matter
which is unsuited, as determined by the Engineer, for the pufpoéé
for which the borrow. area is being developed. Said topsoil and
other‘matéer_sha]] be disposed of in accordance with Section 2.1.

Compaction and grading tests on material excavated from borrow
areas will be conducted by the Engineer to assess the adequacy of
such material for use in the(work.'Said Engineer's tests shall not
relieve the Contractor from the responsibility to furnish materials |
thch conform to the Specifications' for the material. being
furnished. Selective borrowing may be necessary in ;he»borrow areas
to obtain materials of proper{soundness and gradation.

The borrow shall be ‘operated so as not to impair —the
usefulness or unnecessarily mar the appearance of any part of the
work or any property of the Owner. The surfaces of all borrow areas
and waéted materials shall be  left in reasonably smooth, even

‘conditions, sloped for “hroper drajnage and long-term slope

stability, and left in a condition satisfactory to the Engineer.



- 2.3 Foundation Préharation

2.3.1

2.3.2

General

A1l foundations of earthworks® shall be pfepared in
accordance with Section 2.1 of these Specifications. In
addition, at the completion of the required foundation
stripping -operations and removal of unsuitable foundation
matepia1,' the entire surface shall be fine-graded, as.
approved by the Engineer, such that po'pockets or streaks ,
of loose or disturbed material exist on the surface of

. the foundation. No i1l shall be placed until the

foundation has been inspected by the Engineer. An initial
survey will be required to verify the required slope, and

-to establish e]evafions to determine the final Tliner
"thickness. ‘

Soil Foundation Surfaces

Where soil foundation surfaces exist where compacted
fill is to be placed, the foundation surface shall be
prepared by compaction by vibratory or pneumatic-tired
rollers, . whichever best suits the foundation material.
Compaction . effort shall be equivalent to twice that
required to obtain the density specified for the
particular fill material to bé placed upon the
foundation. ' '



3.0 ° FILL PLACEMENT

3.1

Placement *

| The procedures for the placement of £fi11s shall be discussed
with and'approved by the ‘Enigineer prior to fill placement.

No brush, .roots,: sod, or other deleterious or unsuitable
materials shall be placed in the fills. Fill shall not be placed
upon a frozen surface,,nor-sha11 snow, ice, or frozen material be
incorporated into the fill. Fill p]acehent shall be temporarily
stoppedadue to unsuitable weather conditions, upon the direction of
the Engineer.

Except as otherwise specified, compacted fill materials sha]]j
be placed on surfaces at a moisture content equivalent to that of
the fill to be p]aced.

'The distributionrof materials within any given fill shall be
such that the fill is free from lenses, pockets, streaks, or layers

‘of' mater1a] differing substantially in texture or gradat1on from
, Y
¥ the' surround1ng qater1a1 The combined borrow excavation and fill

p]acement‘ operat1on shall be such that the materials, when

o ,}v,f

'compacted 1n the fn]], w191 be b]ended suff1c1ent1y to secure the

best pract1cab1e d1stn1but10n of the~mater1a1

[ i
i v%.w. . ;"
’2 \_,) y‘r";i \ '

If, in the op1n1on of the Eng1neer, the ; surface ofi the

'prepared foundat1on ‘or the surface of 'any layer of the fill is too

dry or toe smooth to bond proper1y with the -layer of. mater1a1 to be
placed thereon, it shaH .be mowstened and/or worked with harrow,

- scarifier, or other equ1pment to prov1de a sat1sfactory bonding

surface before the . next 1ayer of fi11 mater1a1 is" placed. If, in
the opinion of the Eng1neer, the surface of the prepared foundation
or the rolled surface of any layer of the fill in p]ace is ‘'too wet
for proper compaction of the layer ofifill material to be placed



3.2

3.3

thereon, it shall be removed and allowed to dry or shall be worked
with harrow, scar1f1er, or other equ1pment to reduce the moisture
content to the required amount, and then compacted before the next

‘layer of fill material is placed.

Moisture Control

\
A

During compaction operations, the materials being p1éced and
the surface of the i1l shall be maintained within the moisture
content range required to perm1t proper compact1on to the specified
density with ‘the equipment being used. The moisture content of the-
earthfill material during compaction shall be uniform throughout
each layer of the material. The required degree of compaction can
be 'obtéined with a reasonable effort within the moisture range
defined by the Engineer, which, in general, will be within plus or
minus 2 percent of the opt1mum moisture content, as. defined by ASTM
D 698

When m&terié], spread on the -~fill is too- dry for proper
compaction, the Contractor shall spray water on eaﬁh layer of the
fi1l and work the moisture into the fi11 by harrowing or other
approved means until a uniform distribution of moisture is’
obtained. Material that is too wet for proper compaction shall be
removed from the fill or the material may be spréad out and

permitted to dry, assisted by disking and harrowing, if necessary,
“until the moisture content is reduced to an amount suitable for

obtaining the specified degree of compaction.

Compaction

' Wherever necessary after each 1ayér of fill material has been
placed, 'spread, 'and moisture conditioned as specified above, the

.]ayer sh§11 pe compacted by passing compaction equipment over the

entire surface of the layer a sufficient number of times to obtain

* the required density, as determined on the basis of field density

tests.

-5-



3.4

3.5

Y
K.‘.

/

The - Engineer will Vcontfnuous]y evaluate the Contractor's
equipment and methods. If ~such equipment or methods are found
unsatisfactory for the intended use, the Engineer will require the
Contractor to rep]ace~the unsatisfactory equipment with other types
or adjust methods until proper compaction is achieved. Dehsity
shall be based on ASTM ‘D-698 for cohesive soils and a minimum
compaction of 95 percent of the laboratory Standard Proctor dry
density shall be achieved for fine grained materials, Section 3.8.

Proof Rolling

The Contractor. shall proof-roll areas receiving a synthetic
liner no sooner than 24 hours before installation of the liner.
Proof ro]iing shall Tleave a uniformly smooth surface with no

protuberances or depressions. The final surface shall be to the

standards recommended by the liner manufacture and shall be

~approved by the Engineer before synthetic liner installation. A

survey- of the surface will be required to verify the thickness of
clay liner. ' '

Sequence of Operat{ons

The Contractor shall construct the fills such that the fill is

approximately level at all times during construction. The'surfacg '

of the fill shall be graded to prevent ponding of rainwater or

sriowmelt.

{

At the end of each shift or day, the Contractor sha]]{]eave
the surfece of compacted fill in such a manner as to prevent an
excessive increase, in moisture content arising from precipitation.

-The Engineer will require that the fop layer be removed at the

recommencement of fill placement if it has become too wet or is

softened as a result of precipitation.




3.6

3.7

3.8

Contamination

The Contractor shall route equipment and take all actions
necessary to prevent mater1a1 of one type ' from being deposwted
inadvertently, either by dump1ng or through travel of equ1pment, in.
or on material of another type. Such improperly deposited material -
shall be removed from the fill. Said removed material shall be
wasted in locations designated by the Engineer. ' '

All stones of such 'dimensions that interfere with compaction
in the Tlayer thickngsseé specified shall be removed from the zone
in which they are placed prior to compaction as specified.

Conduct of Work

The Contractor shall maintain and protect fills in a condition
satisfactory to the Engineer at all times until the final
completion and acceptance of the work. Any approved fill material
which becomes unsuitable for any -reason whatsoever, ‘after being
placed in the fill and before fina] acceptance of the work, shall
be removed and replaced by the Contractor in a manner satisfactory

to the Engineer. .

Type 1- Fine Grained Matéria]

3.8.1 Scope of Work

The Contractor shall borrow, transport, place, and
compact Type 1 material in the impervious earth liners
and around drainage pipes as shown on the drawihgs, and
as set forth in these Spec1f1cat1ons, or as specified by
the Engineer.



3.8.2  Material - Type 1

Type 1 ﬁateria]t shall consist of "Fine Grained"
.matéria]lfrom approved borrow areas. The material shall
" contain a minimum of 30 percent of minus No. 200 U.S. -
"sieve sjze and be capable of following compaction to

obtain a hydraulic conductivity of a maximum of 10-7
cm/sec as determined by the Engineer. - '

3.8.3 Source

A potential borrow area for Type 1 material is
located on site. Areas other than this may be proboséd by
. the Contractor, but such other areas shall be subject to
investigation and approval in accordéhce. with Section’
2.2.-of these Specifications. Samples of Type 1 material
shall be(submittéd to and tested‘bx'the Engineer prior to
development of the borrow area. '

3.8.4" P]aceﬁent and Compaction - Type 1 Material

Type 1 material shall be compacted in a loose layer
not exceeding six inches thickness, fo a dry density of
not less than 95 percent of the maximum dry density as
determined in accordance with ASTM D-698. The compacfea
thickness for 1ifts on all areas where b]ay liners are
specified shall be six inches. A final survey will be
made to verify the liners thickness.

3.9 Type 2 - Random Fill

&

3.9.1 Scope of Work

The Contractor shall furnish, transport, place, and’
compact Type 2 material as shown on the drawings and as

»



“set forth in these Specifications, or as specified by the
Eng%neér Type 2 material shall be principally used in

_ the construction of the retention berms and for general
f111 requ1rements..

3.9.2 - Matérial - Type 2

Type 2 material shai] consist of random fill from
approved " borrow areas or lrequired excavation. The
material shall be a - well-graded mixture of various
materials with a maximum partical size of 6 inches.

3.9.3 Source

" From requfred exéavation if such excavated méteria]
complies with this Specification. Areas other than this
may'bg proposed by the Contractor, but such other areas
shall _be subject to investigation and approval in
accordance with Section 2.2 of these Specifications.

3.9.4 Placement énd Compaction - Type 2 Material
’TypefZ material shall be placed in loose 1ifts not
exceeding:8‘inche§ and compacted by controlled movement
of had]age and placement equipment A minimum dehsity of
' 95 percent of the standard Proctor shall be achieved.

Max1mum part1ca1 size sha]] .be 6 1nches

.3.10 Type 3 - Sand and Gravel |

3.10.1  Scope of Work

The Contractor shall furnish, transport, and place
Type 3 material as shown on the drawings and set forth in
the Specifications, or as specified by the Engineer.
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3.10.2

3.10.3

3.10.4

Material

Type 3 gravel shall be clean, round, processed, non-.
calcareous, sound and durable sand-gravel mixtures. The

- material shéT]‘ be well-graded with -%". maximum size

gradation.
The actual gradation for Type 3 material shall be
submitted by the supplier to the Engineer for approval.

prior to use.

Source

The soufce of Type 3 material shall.be approved by -
the Engineer prior to development. '

Placement

Type 3 material shall be ‘placed to the Tlines and
grades,:and in the locations shown on the drawings, or
speéiffed by the Engineer. Hand raking and placement of
the material shall be performed if reduired to produce
the required thickness of material on inclined surfaces.

-10-



4.0

SYNTHETIC LINER

-4,1 General

~ Synthetic 1liners will be installed on the Tleach pad and
solution -ponds. '

,

Prior to placement of liner materials on the leach pad area,
the clay liner shall be pfepared in-accordance with Section '3.0. The
prepared surface shall be’in;a condition which will ‘be approved by
the liner installer prior to synthetic liner placement.

. As specifiéd on the Drawings, approximately six inches of Type
3 material, sand and gravel will be placed over the clay ]iner.:.
This material will be p]aéed and prepared in such a manner as -
approved by the ‘synthetic liner installers recommendations. This ‘
surface will be approved by the synthetic liner installer prior to
p]acemént of synthetic liner materials. ' '

1

-11-
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1.0

2.0

INTRODUCTION

This Quality Assurande'progkam shall be used in conjunction with
the Drawings prepared byAHazen Research, Inc. Should any contradictions,
either implied or real, exist between the Drawings and this -Quality
Assurance program, the decision of the Owner's designated Engineer shall
prevail. In all cases, the dehisiop of the Engineer shall be final.

C]ay Tiners "will be used in the contract1on of var1ous containment

and process1ng areas as spec1f1ed on the Draw1ngs

To ensure that the -quality of the - clay Tliner conforms to the
m1n1mum spec1f1ed requ1rements, the following construct1on procedures,
observation, and test1ng program will be used.

CONSTRUCTION PROCEDURE

2.1 Foundation Material .

Underlying théq.proposed clay liner material, as shown in
Figure 1, shall be a well compacted nonyielding material. Density
tests will not be ‘reqqired on this material unless the Engineer
feels it necessary. The method of testing will be tailored to the
conditions encountered at that time. '

The prepared- foundation 'will. be 'proof rolled prior to
placement -of any ciey Tiner materials. The entire surface will be
visually. inspected during ‘the proof rolling procedure. Equipment to
be used wi]] be heavy rubber tired, loaders or fully loaded haul
trucks. s

Any area which yields under the weight of the equipment will
be marked, reworked or rep]aced with a suitable -material. The

reworked or replaced material will be “proof rolled prior to
"~ . acceptance.



2.2

“Prior to the placement of any clay liner materials, the
foundation surface muﬁt be surveyed to verify the required slope,
and ‘also will ‘serve as- a base line elevation to verify the
thickness of clay liner placed. The minimum thickness of clay Tiner

~is shown on Figure 1.

Clay Liner Placement

Clay-liner materials to be placed will. be visually inspected
and. tested for the proper moisture content and p1a§£icity index
prior to use. Gradations will be run to vgrify the maximum partical
size and the minimum amount of -200 materials required. Refer to
Table 1 for the number and freqdency of tests.

Natural moisture contents are well below the optimum range for

. workability in accordance with ASTM D-698 test methods. Moisture

can be added at the borrow:site as well as on the grade. The

‘materials will be mixed thoroughly. No'dry 'streaks or unmixed

material wi]]ibe compacted. A homogeneous material will be required
prior to any compactive effort.

2.2.1 - Lift Thickness

A11. clay liner placement will consist of tWo,'
six-inch combacted 1ifts, for a total ~of 12-inch
compacted Tiner material. After testing the first 1ift
has beenlcompTeted and densities verified, the 1ift shall
be 1lightly  scarified to establish a bond between the

o first and second 1ift. One-inch scarification will be

adequate.

! 1 H N B - v .
'_‘ﬁw : The "emergency pond shall be constructed in four (4)

gl

ﬁfix-inch compacted 1ifts. The scarification procedure

|4
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3.0

ON-SITE VERIFICATION TESTING. PROGRAM

3.1

3.2

3.3

3.4

Foundation Materials

As discussed jn{Sectjen.Z.l.

Borrow Materials

The borrow area to be used, or any source of imported material
will be tested, prior to any materials being placed. The minimum
number of tests will be,bne per each type of materia] encountered.
The -material ‘will be tested for moisture content, grain-size
analysis, and plasticity index. Compaction curves (Proctors) may be
run, but in most cases will not be run until the-material has been
placed on the grade and  compacted. - For further discussion on
compaction curves, see Section 3.3

Testing of Inplace Material

Two types of compaction control will be used to determine the
inplace density. Refer to Figure 2 for the test procedures.

. e
F1gure 2 does not; address general process areas where clay
liners are spec1f1ed' such as ore pretreatment and ma1n process

~areas. Similar qua11ty assurance gu1de]1nes w111 be emp]oyed 1n the

areas as requ1red by the Eng1neer.

Frequency of-Testing C ke

* )

The frequency of tests performed dur1ng the construction of
clay liners will be determined by ‘the Engineer, but .in no case
shall the minimum number of tests be Tess than those 1nd1cated on
Table 1.

[ P f
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3.5

3.6

. 3.7

Density Test Series Locations

Nonbiased plans will be used for locating test sites .and
samples. Figure 3 outlines this brocedure and shows the plans to be
used.

Liners and Grades

As part of the éonstruction proceddre, a survey of grade and
e]evation§ ‘will be required. The foundation materials shall be
placed to the slope and elevations as specified. Grade stakes shall
be mgihtained throughout construction. A final survey will be

'requiréd to verify that the minimum sections of liner materials has

been achieved as specifiea on the Drawings.

Permeability

A minimum of " three samples will be obtained from clay
materials within the leach pad area.‘A minimum of one sample will
be obtained for each pond and other areas where clay liners are
specified. In addition to these minimum samples, any material
encountered which differs from materials tested and is used in the
conétr@ction‘oﬁ thé>c1ay Tiners will be sampTed for testing.

Wow
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" . INPLACE DENSITY
-+ TEST METHODS

| Method A -~ . .| ° . Method B

Sing]g Soil Type o , o Mixture of two or more soils

"Confirmed Maximum Density" - "Unconfirmed Maximum Density"
Use ’ - Use

ASTM D-698 R CAL-231 E-25-

Individual Test Series

Individual tests within a series will be
compared to a known maximum density obtained
from borrow source testing, as determined by
ASTM D-698 test procedures. :

i
PP Y

Composite Sample Test Series '&E)” IR ‘
Where two or more materials are mixed, and a Singlefmaxihum PCF value does
not apply, composite samples will be taken from each site within a test
series. This sampling procedure was adoptéd from the State of California,
Department of Transportation, Test Method No. 231. The composite sample
will then be tested in accordance with the Bureau of Reclamation Test
Procedure E-25, Rapid Compaction Control Method.

f .
‘i 1 N
1 1 *

Test Series: Depending upon total area:to,be testéd, from three to 10,
: individual density tests will be made within the series.

Figure 2
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be!'ore any tests performed.
' ' PROCEDURE FOR USE OF

..
U

NONBIASED SAMPLE PLANS

FIGURE 3 |

Once an area is selected on the basis of uniformity
_of factors, nionbiased location of measurement sitesis . -
. ‘required for applying statistical control procedures.

- ... The nonbiased sample location plans will randomly
locate the approximate measurement sites.
*'Note: The number of measurement sites must be
_determined after the area has been determmed and

NONBIASED SAMPLE PLANS

" 1. a. Use the last digit from the first reading taken
for the daily standard count to select the plan
for the first area. For subsequent areas use
the last digit from the second, third, and
fourth readings. If five through-nine areas
are tested, use the second to the last digit
from the first through the fourth readings

NONBILSED SAMPLE PLAN & 1

taken for the ciaxly standard count.
b. Nuclear gages that electronically average

the standard counts—Take a ¥, minute count -

in the safe position at any convenient loca-

tion, i.e., ground, truck bed, carry case, ete.,

prior to selecting the plan for an area. Use

the last digit of the density reading for select-
ingtheplan. A new count should be taken for
" each area.

. Visualize the plan as a map of the area to be

sampled.

. Each dot represents a measurement site. There

are 10 dots numbered from one (1) through ten
(10). If you are to take a five (5) site test, then
use the dots numbered from one (1) through
five (5). If a three site test is going to be used, -
then use the locations of the first three dots.
This procedure will be .used for-all tests, with
Number 1 dot the first site, Number 2 dot the
second site and so on until the desired number
of sites have been used.

. Test at the approximate locations on the grade

represented by the dots on the plan. Some ad-
justments are necessary for irregular areas:

NRONBIASED SAMPLE PLAN &2
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FIGURE 3 (Continued)
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